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CHAPTER I 
INTRODUCTION 
The increasing use of neutron and gamma radiation in medicine and indus-
try necessitates the need for more knowledge of the effects of low level 
chronic exposure to these radiations. 
The capability of ionizing radiation for suppression of cell prolifera-
tion has been kno\\111 and implemented in cancer radiation therapy for numerous 
years. 
Oral epithelium is a moderately proliferative cell renewal system and 
is therefore more radiosensitive than non-proliferating systems. 
Studies of the effects of chronic low dose-rate neutron and gamma radia-
tion on the oral mucosa of mice are lacking. It was the intention of this 
study to provide more information in this area. 
The main objective of this study was to evaluate the effects of low level 
chronic neutron and gamma radiation on the epithelium and underlying structu:~es 
of the tongue and palatal mucosa of mice. These tissues were evaluated for 
possible radiation induced histopathologic changes and for possible alterations 
in epithelial cell proliferation and cell densities. 
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CHAPTER II 
REVIEW OF THE LITERATURE 
Studies beginning in the late nineteen forties were conducted in an effor 
to establish a safe limit of human exposure to small daily doses of neutron 
radiation. One of these early studies was that of Evans (1948) who studied 
the effects on mice of total body exposure to small daily doses of fast neu-
trons. The higher incidence of neutron induced lens cataracts in the mice 
was regarded as the main finding of the study but Evans also reported what 
appeared to be greater injurious effects from neutrons in comparison to x and 
ganm1a radiation when small daily exposures over a period of time were used 
rather than single acute exposures. Evans suggested as a possible explanation 
of this occurrenc..:: a greater cumulative effect of neutrons in comparison to x 
or gavF'1a radiation. 
Greater injurio11s effects in mice from small daily exposures over a perio, 
of time to neutron radiation in comparison to gamma radiation .was noted by 
Henshaw (1.94 7) in an earlier study and more recently by Neary et al. (1957) 
and Upton et al. (1967). 
Mitchell (19!~7) irradiated mice with mixed neutron and gamma radiation in 
an attempt to demonstrate an additive effect. This mixture produced less 
lethaJ.ity in mice than the two radiations separately. Mitchell concluded that 
this lack of additive effect demonstrated a difference in the mechanisms of 
biologiea1 effects for neutron aud gamma radiation and is supported by finding 
in two studi~s in 1957 by Vogel et al. and Clark et al. 
2 
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Acute lethality of laboratory animals from neutron radiation was one of 
the principle effects studied in early neutron experimentation. 
Lethality of a radiation is often expressed in the median lethal dose 
(LD ) or the ar:iount of radiai:ion necessary to kill half of the animals in a 
so 
given population in a specific period of time. Thirty days is commonly used 
for this purpose and is written LD or LD 
50/30 days 50/30 
The de.1h:lopment of the Relative Biological Effectiveness (RBE) factor has 
enabled the comparison of radiations quantitatively for biological effects. 
Comparison of radiation doses required for LD is an example of the many 
50/30 
biological effects that can be compared. 
The Relative Biological Effectiveness (RBE) factor for neutron radiation 
compared to gamma radiation for LD is between 2 and 3 (Vogel and Frigerio, 
50/30 
1961). This means that neutron radiation is two to three times rnore e:=fective 
than ga:.rm1a radiation in inducing the death of 50% of the mice in a given popu-
lation in 30 days. Several of the studies in the past comparing neutron radi-
ation to both x and ganuua radiation for LD in mice are seen in table 1. 
50/30 
Single acute whole body neutron irradiation is effective in shortening the 
life span of mice (Storer and Sanders, 1958). Greater effectiveness cf neutron 
radiation in comparison to ganuna for this life shortening is reflected in a 
gamua/neutron RBE ve_l ue of 2. 6 (Storer and Sanders, 1958). This value approxi-
mates the gamma/neutron RBE of 2 to 3 for acute lethality or LD in mice. 
50/30 
Small daily whole body exposures to neutron radiation is also effective in 
shortening the life span of mice (Henshaw et al., 19!; 7; Evans, 1948; Neary 
et al., 1957). 
, .. 
____ _... ______ ._. ..... ._, ..... __ _.._._ ___________ .... ..,.. __ ...., ____ ....,. _______ ,,_, ________ .... ...,. __ ..., ____ ,,_ ____ ..._ ____ __ 
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In the study of Neary and associates, irradiation of mice with 6.4 
rads/week of fast neutrons for 2-5 months shortened the life span of the mice 
by one-third. 
It was the opinion of the authors that the findings suggested that the 
first few months of chronic fast neutron irradiation of mice for life shorten-
ing determines the degree of effect and that further irradiation is "wasted" 
or less effective. 
Chronic whole body neutron irradiation of mice exhibits greater effective-
ness for life shortening in comparison to gamma irradiation in the same expos-
ure pattern. The gamma/neutron RBE value for life shortening in mice under 
chronic exposure conditions is approximately 10 (Neary et al., 1957; Mole, 
1957; Neary, 1960; Vogel and Frigerio, 1961). 
Garrnna radiation is more effective in shortening the life span of mice with 
increasing dose-rates of exposure (Clark et al., 1957). In comparison, the 
gamma/neutron RBE vaJ.ue for this effect increa3es as the dose-rate decreases, 
apparently due to gamma radiation being less effectj_ve at low dose-rates 
(Upton et al., 196 7). This dose-rate dependence of gamma radiation and lack 
of this dependence in neutron radiation was noted in two studies in 1957 by 
Clark et al. and Vogel et al. 
The decrease in the mean life span of American radiologists from 1920 to 
19SC; repot"ted by Warren (1956) presents the possibility that exposure to 
chronic low dose ionizing radiation shortens the life span in man. 
The degree of tissue recovery or intracellular recovery from ionizing 
radiations is generally considered a sensitive criterion of radiation damage. 
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several studies have concentrated on tissue recovery from the different radia-
tions and types of exposures. 
Mole (1957) in a study of daily whole body x-irradiation of mice with 
doses ranging from 25 to 200R per day concluded that continuous irradiation 
eventually damages the intracellular recovery mechanisms. 
Andrews and Berry (1962) irradiating tumor cells with both single acute 
and fr;,ictionated doses of x and neutron radiation found an absence of recovery 
of the tumor cells with fractionation of the neutron dose while recovery was 
present with fractionation of the x-ray dose. Schneider and Whitmore (1963) 
obtained a similar finding in their study. 
Hornsey and Vatistas (1965) fractionated the neutron dose of 540 rads 
necessary for LD in mice into two equal fractions separated by 4 and 6 
50/4 days 
hours. No significant change in mortality was found as a result of the frac-
tionation. In a previous study in 1963 Hornsey et al. had found the opposite 
for x-rays. Fractionating the x-ray dose of 1,250 rads into two fractions 
separated by 6 hours changed the mortality resulting in an additional 380 rads 
necessary to obtain the LD 
50/4 
It was concluded that fractionati.on of neu-
tron dose increases the RBE value in comparison to x-radiation. 
The amount of short term or 24 hour intracellular recovery from sublethal 
damage by tissues exposed to neutron irradiation has been found to be less than 
that: with x or gamma irradiation (Denekamp et al., 1966; Fowler, 1967; Field 
and Jones, 1968; Withers, 1970). In the study of Denekamp and associates the 
24 hour intracellular recovery of the mouse epidermis following 6 MeV fast 
neutron irradiation was found to be one-half to two-thirds that of an equivale•l 
dose by REE fa.ctor of 250 KeV x_-_r_a_y_2_. _____ ..,__ .. , .,,,.. .  _,,...., ... _ . _____________ ......1J 
,_: 
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The ability of ionizing radiation for induction of neoplasms in humans 
and laboratory animals has been known for years. Numerous studies in the past 
have been conducted in this area of radiation research. 
Lorenz et al. (195l1) found chronic fractionated gamma radiation to be 
dose-rate dependent for inducing tumors. Increases in the daily dose accel-
erated tumor induction. 
Upton (1970) demonstrated for neutrons a lack of dose-rate dependence for 
tumor induction as that seen in gamma radiation. 
The Linear Energy Transfer (LET) of an ionizing radiation is the measure 
of energy lost per unit length of pathway in a biological material. It is an 
important parameter in the resultant tissue effects of irradiation with an 
ionizing radiation. 
Nole and Cole (1965) observed greater numbers of chromosome aberrations 
in the liver cells of mice irradiated with high dose-rates of x-rays 
(30 rads/min.) or fission neutrons (high LET radiation) in comparison to 
irradiat1on with low dose-rate x-rays (1.5 rads/hr) or low LET x-irradiation. 
It was the opinion of the authors that the increase in chromosome aberrations 
resulting from higher LET radiation possibly indicated greater intracellular 
damage. 
Bergonie and Tribondeau in 1906 proposed a law for cellular radiosensi-
tivi ty to x-radiation. It was proposed that x-radiation has greater effects on 
cells with greater mitotic activity; greater ability for continued division 
and cells less differentiated in forn: and function. 
The epithelia of the skin, small intestine and oral cavity are examples 
Ill 
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of continually renewing cell populations or systems. Cells are continually 
lost or exfoliated with replacement through the continual renewal of cells in 
a progenitor or germinative compartment. The newly formed cells enter a 
"steady·-state" cell population where maturation and differentiation occurs 
with eventual exfoliation. 
Patt and Quastler (1963) concluded that the acute radiation effect seen 
in cell renewal systems such as "acute intestinal radiation death" in micE: 
results primarily from cell depletion. The radiation inhibits cell prolifera-
tion in the progenitor compartment while cells in the "steady-state" population 
continue to mature, differentiate and exfoliate. "Acute intestinal radiation 
death'' is the denudation of the lining of the small intestine produced in mice 
irradiated with doses of 1,000 to 10,000R of x-rays with death within 3-5 days 
(Quastler, 1956). 
Increased effectiveness of neutrons in comparison to gamma radiation for 
"acute intestinal radiation death" in mice has been demonstrated by Lesher and 
Vogel (1958). Mice were irradiated with single acute doses of 350 rads of 
fission neutrons and 1,000 rads of gamma radiation. Complete recovery took 
place in the gamma irradiated mice, but less than 50% of the neutron irradiate 
mice survived six days or more. It was concluded that the fission neutrons 
produced high numbers of chromosome breaks resulting in protracted delays in 
cell division. 
The x-ray/neutron RBE value for intestinal damage is higher than its 
RBE for acute lethality (LD ), (Carter et al., 1956; Patetta-Queirolo 
50/30 
et al., 1958). The greater intestinal damage produced by neutrons in compari-
•• 
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son to x-radiation has been indicated as the reason for the earlier mortality 
commonly seen in neutron irradiated mice in comparison to x-irradiated mice 
(Patetta-Queirolo et al., 1958). 
In mice exposed to chronic gamma radiation a compensatory speeding up of 
the cell generation cycle (increased proliferation of cells) takes place in 
the progenitor compartment (Lesher et al., 1966; Lesher and Sacher, 1967). 
In the study by Lesher and associates in 1966, rats and mice were irradi-
ated with continuous gamma radiation at 50 rads/day. The irradiations were 
continued for 35 days with the mice and 105 days with the rats. Reduction in 
mitosis by the crypt cells was evident after the first day of irradiations. 
By the twelfth day; however, the generation cycle time had decreased by 20%. 
The generation cycle time was seen to return to near normal in the mice in 35 
days and 105 days in the rats. 
In the 1967 study Lesher and Sacher used continuous cobalt 60 gamma 
irradiation of young and old mice (100-825 days) at the lower dose-rate of 
12R/day. The irradiation was conU.nued for 10 days. Even at this dose-rate 
a speeding up of the generation cycle time in the crypt cells was seen before 
the third day in both the young and old mice. 
It was the opinion of Lesher and associates that the speeding up of the 
generation cycle time in the crypt cells of the small intestine in mice and 
rats undergoi.Eg continuous gamma irradiation was compensatory to replace those 
cells lost from radiation induced damage. This served to maintain the integ-
rity of the mucosal lining of the small intestine. 
9 
It is generally agreed that chronic exposure of mice to ionizing radiation 
results in accelerated or "premature aging" (Neary et al., 1957; Neary, 1960). 
The radiation is believed to result in natural age changes brought forward in 
time; thus resulting in "premature aging". 
Natural aging has been demonstrated to result in changes in the oral 
epithelial cell renewal systems in rats (Sharav and Hassler, 1967) and in 
mice (Cameron, 1972). 
In the study of Sharav and Massler a decrease in the progenitor cell popu-
lation of the epithelia of the tongue and palatal mucosa was seen in aging rats 
This recluction consisted of decreased proliferation of new cells by suprabasal 
cells which are normally considered in rats part of the progenitor cell popu-
lation and therefore active in new cell proliferation. 
Along with the reduction in the progenitor cell population an increase 
in labeling index was present in the aged rats indicated by an increase in the 
number of celJ.s labeJed with tritiated thymidine per 100 progenitor cells. 
Sharav and Massler alluded to the possibility that DNA synthesis time of 
the cell generation cycle increases with age in rats; thus increasing the nun-
ber of cells labeled with tritiated thymidine at any given time. Studies in 
mice however have shown that synthesis time does not significantly change with 
age (Toto, 1962; Dhawan and Toto, 1965; Toto and Dhawan, 1966; Thrasher, 1971). 
In Cameron's study (1972) the cell density of the epithelium of the ven-
tral surface of the tongue ir mice did not appreciably change with age; however 
a reduction was seen in the number of basal cells labeled with tritiated thy-
midine in the older mice. This reduced labeling was interpreted as indicating 
10 
a decrease in cell proliferation in the tongue epithelium of mice with aging. 
The esophageal epithelium also exhibited a de~reased cell proliferation in the 
aging mice. 
In mice the counterpart to the "acute intestinal radiation death" is 
"oral radiation death" (Quastler et al., 1956; Vos et al., 1959; Goepp and 
Fitch, 1962) • 
In the study of Goepp's in 1962 of "oral radiation death" x-radiation of 
2,000R to the head or 4,000R to the tongue and lower jaw area produced 100% 
mortality in approximately 9 days. Ulceration of the dorsum of thE: posterior 
part of the tongue and damage to the soft palate were seen five days post-
irradiation. Death was attributed to dehydration and starvation. 
Goepp (1963) was able to obtain survival of 90% of mice irradiated for 
"oral radiation death" with an indwelling gastrostomy tube. It was concluded 
that the mice can survive if adequate nutrition and fluid intake are provided. 
Goe.pp and Fitch (1969) in a continuing study of "oral radiation death" 
four<d that mice irradiated with 2, OOOR to the head exhibited atrophy of the 
epithelium of the anterior dorsal surface of the tongue beginning the fifth 
day post-irradiation. This atrophy or cell depletion progressed until on the 
ninth day the epithelium was completely depleted of cells and the keratin 
layer was seen lying on the subepithelial connective tissue. The depletion 
of the epithelial cells was attributed to the continued exfoliation of cells 
without replacement by the progenitor compartment because of the radiation 
induced leth;:;.lity and intracellular damage. 
jik 
CHAPTER III 
M.A.TERIALS AND METHODS 
One hundred and sixty BCF (BALB/c x C57BL/6) mice 90-130 days old 
1 
weighing approximately 30-33 grams were used in this study. The diet con-
sisted of Purina Laboratory Chow and tap water ad libi~um. 
The neutron irradiated mice received a total dose of 300 rads of fast 
neutrons. The mice were exposed for 15 minutes 3 times a week (MWF) for 24 
weeks at 4.17 rads/exposure at a dose-rate of 0.28 rads/minute with a total 
of 72 fractionations of the total dose. 
A theoretical Relative Biological Effectiveness (RBE) factor of 3 for the 
gamma to neutron radiation wa.s determined resulting in the gamma irradiated 
mice receiving a total dose of 900 rads. The mice were exposed for 15 minutes 
3 times a week (MWF) for 2!, weeks at 12. 5 rads/ exposure at a dose-rate of 8. 3 
rads/minute with a total of 72 fractionations of the total dose. 
The source of the radiation for this study was provided by the facilities 
of the Janus reactor at Argonne National Laboratory. The core used for the 
235 
neutron radiation consisted of aluminum alloy enriched to 93% in U. The 
mean neutron energy was approximately 1. 2Hev. The core used for the gamma 
radiation consisted of cobalt 60. The mean gamma energy produced was l.2Hev. 
The control mice lived under the same living conditions as the irradiated 
mice. Care was taken to ensure that the non-irradiated controls received as 
close as possible the same amount of handling as the irradiated ~ice. 
In both the neutron and gamrna radiation series the starting dates for 
11 
collecting the tissues were determined by the death of approximately 15% 
of the mice in each of the two populations of irradiated mice. 
12 
A total of 87 mice were allocated for the neutron portion of this study. 
As depicted in table 2 the mice were sacrificed for tissue removal and examina-
tion in three assay groups of approximately 30 mice. 
Each of the three assay groups contained mice from 3 different intervals 
representing the span in weeks from the start of irradiations to sacrifice. 
Each assay group contained 10 mice of each interval (28Wks-36Wks-44Wks) except 
the first assay group which was lacking mice that had presumably died before 
the day of sacrifice. 
When all the mice in the three assay groups were combined there were 29 
mice of each interval with approximately equal numbers of irradiated and con-
trol mice (table 2). 
On sacrifice days 6 irradiated and 6 control mice (except where missing) 
comprising 2 irradiated and 2 control mice from each interval were given intra-
peritoneal injections of luCi per gram body weight of tritiated thymidine of 
specific activity of 0.36Ci/m1"1 one hour prior to sacrifice for autoradiographic 
studies. 
Thirty-three mice (17 irradiated and 16 controls) labeled with tritiated 
thymidine from the original 87 were used in an autoradiographic labeling index 
study with the remaining used for a cell density study and histologic examina-
tion. 
A total of 73 mice were allocated for the gamma radiation portion of this 
study. As seen in table 3 there were 4 gamma assay groups. Each group was 
13 
composed of equal numbers of mice (except where missing) of 2 intervals. 
When the mice from all 4 assay groups were combined there were 27 mice with 
an interval of 50 weeks, 27 with 58 weeks and a final 19 mice with 66 weeks. 
on sacrifice days 4 irradiated and 4 control mice (except where missing) 
comprising 2 irradiated and 2 controls from each of the 2 intervals in that 
particular assay group were labeled with injections of tritiated thymidine. 
The same materials and procedures were used as described for the mice in the 
neutron portion of this study. 
Twenty-five mice (15 irradiated and 10 controls) labeled with tritiated 
thymidine from the original 73 were used in a labeling index study with the 
remaining used for a cell density study and histologic examination. 
On the tissue collecting days the mice were sacrificed with an overdose 
of ether anesthesia. The tongues were removed and sectioned mid-sagittally. 
The mucosa was separated from the palate and both tissues were placed in 10% 
neutral formalin soluti.on for 24 hours for fixation. All of the tissues were 
then dehydrated and embedded in paraffin for sectioning. Ten 6 micron sections 
were made of all the tissues and stained with hematoxylin and eosin. Ten addi-
tional 6 micron sections were made of the tissues from the mice labeled with 
tritiated thymidine for autoradiography. Autoradiograms were prepared using 
the dip coating technique in Kodak NTb-3 emulsion. Exposure was for 3 weeks 
0 
at 4 C. The sections were then stained with nuclear fast red and indigo 
carmine. 
Cell density indices were obtained of the epithelia of the palatal mucosa 
and dorsal and ventral surface of the tonguE in the neutron and gamma irradi-
ated mice and controls. 
.....--~· 
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The cell counts for the cell density indices in the neutron irradiated 
and control mice were made using the H&E slides of 9 irradiated and 9 control 
mice with 3 mice from each interval (table 4). The cell counts were accom-
plished using an eyepiece reticule or square grid 50 microns/side at 1,000 
magnifications. 
The cells in 100 reticules were counted using the basement membrane as a 
guideline in each of the 3 epithelia in the 9 irradiated and 9 control mice. 
A mean cell den.sity index was then obtained for each of the 3 epithelia in 
both the irradiated and control mice. The same procedures were utilized in 
obtaining the cell density indices in the gamma irradiated mice and controls 
(table 5). 
The autoradiograms prepared from the tongue and palatal mucosa of 17 
neutron irradiated mice and 16 controls and 15 gamma irradiated mice and 10 
controls were used in a labeling index study of the epithelia of the tongue 
and palatal muc,<)sa of the neutron and gamma irradiated mice and controls. 
The data from the labeling index study was statistically analyzed using 
the Wilcoxon's Rank test. The decision to use this test for the analysis was 
due to the variability of the data. 
CHAPTER IV 
FINDINGS 
Histological Evaluation 
The tongue of mice in the normal state is covered on the dorsal surface 
with thick stratified squamous epithelium having a heavy keratinized layer. 
A rough texture to this surface results from the numerous papillae found on 
the dorsum of the tongue. The epithelial ridges are prominent and give the 
epithelial-connective tissue border a wavelike appearance. The ventral sur-
face epithelium has a thin keratinized layer and is smooth in texture. The 
epithelial ridges are less prominent than in the dorsal epithelium resulting 
in a generally flattened appearance. A thin band of fibrous connective tissue 
lamina propria separates the epithelium from the underlying muscle bundles. 
The hard palate mucosa in mice is normally covered with stratified 
squamous epithelium having a moderate to thick keratinized layer. The epi-
thelial ridges are not as prominent as in the tongue dorsal surface resulting 
in a generally flattened appearance of this epithelium. 
Light microscopic examination of the epithelia and underlying structures 
of the dorsal and ventral surface of the tongue and the palatal mucosa in 
both neutron and gamma irradiated mice revealed no histopathologic changes 
resulting from these radiations. 
No statistically significant changes were observed in the cell densities 
of the epithelia of the tongue and palatal mucosa in both the neutron and 
15 
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gamma irradiated mice in comparison to controls (tables 4, 5). 
In the epithelium of the dorsal surface of the tongue of the 28 to 44 
week neutron irradiated mice a trend towards decreasing values of cell densi-
ties was seen (table 4), but no similar trend was seen in the remaining epi-
thelia examined and the mean cell density obtained from these counts was not 
significantly different from that of the controls. 
Labelin__g_ Inde~ Study 
The total-body, chronic and low dose-rate neutron and gamma radiation 
used in this study did produce changes in the labeling index of the epithelium 
of the palatal mucosa and dorsal and ventral surface of the tongue in mice. 
Evaluation of these changes revealed the presence of a similar trend or 
pattern of changes in these epithelia in the neutron and ganuna irradiated mice. 
Reduced labeling was seen in all three epithelia in comparison to controls 
in the first sacrifice groups of neutron and gamma irradiated mice (tables 6, 
7, 10, 11). Although this decline in labeling was obvious from the data it 
was not statistically significantly different to the controls. While analyzing 
the data statistically it seemed that larger numbers of measurements would have 
increased the significance of th~s difference in most instances. 
An increase in the labeling index was seen in the epithelia of the tongue 
and palatal mucosa in the second sacrifice groups of both the neutron and gamma 
irradiated mice in comparison to the controls. 
The neutron and gamma irradiated mice sacrificed last show a decline in 
labeling in comparison to controls. This decline; however, was not as large 
.......--
,.,... 
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as that seen in the first sacrifice groups (tables 6, 7, 10, 11). The differ-
ence between the labeling index of the epithelium of the dorsal surface of the 
tongue in the gamma irradiated mice sacrificed last to controls was statistic-
ally significant. 
The reduced labeling in the epithelium of the dorsum of the tongue in 
the 28 week neutron irradiated mice was significantly different to the 36 and 
44 week irradiated mice (table 8). 
The labeling indices of the palatal mucosal epithelium of the 28 and 36 
week neutron irradiated mice are statistically different (table 9). 
Near significant difference was seen in the labeling indices of the 
epithelium of the ventral surface of the tongue in the 28 and 36 week neutron 
irradiated mice (table 8). 
Comparison between the intervals in the gamma irradiated mice show a 
significant difference present in the palatal mucosa between the labeling 
indices of the 50 and 58 week mice (table 13). 
In the epithelium of the ventral surface of the tongue in the gauuna 
irradiated mice the lowering of labeling in the 50 week mice is nearly signi-
ficantly different to the 58 and 66 week mice (table 12). 
CHAPTER V 
DISCUSSION 
The absence of histopathologic changes in the epithelia of the tongue 
and palatal mucosa of mice was anticipated with the total·-body, chronic and 
low dose-rate neutron and gamma radiation used in this study. For this reason 
tests of greater sensitivity for detecting radiation damage in epithelium were 
utilized. These tests consisted of cell density and labeling index studies 
to evaluate the effects of the radiation on cell proliferation and cell den-
sity. 
In the "oral radiation death" studies in mice by Goepp (1962, 1963, 1969) 
'\ 
the radiation induced histopathologic changes in the tongue epithelium such as 
inflammation, vesicle formation, cellular depletion and ulceration required 
a single exposure of 2,000R to the head or 4,000R to the tongue and lower jaw 
area. 
The use of tritiated thymidine in labeling the nuclei of cells in DNA 
synthesis for up to one hour after injection is particularly useful in studies 
of cell proliferation in cell renewal systems. The tritiated thymidine acting 
as a precursor is incorporated into newly formed DNA in nuclei undergoing DNA 
synthesis. The labeled nuclei are seen on autoradiograms prepared from histo-
logical tissue sections as nuclei covered by small dark grains. Cameron in 
his study in 1972 pointed out that there are advantages in using tritiated 
thyrnidine labeling in opposition to mitotic index in studies of cell renewal 
systems. One advantage is the duration in mammalian cells of DNA synthesis 
is generally 10 times longer than mitosis. This allows approximately 10 cells 
18 
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to be labeled by the tritiated thymidine for every cell in mitosis. This 
results in better estimates of the cell proliferation in the moderate and 
slowly proliferating cell renewal systems. The oral epithelium is considered 
a moderately proliferating system. 
No significant change in the cell densities of the epithelia of the 
palatal mucosa and dorsal and ventral surface of the tongue was seen with the 
neutron and gamma radiation used in this study (table 4, 5). In all proba-
bilitY any cells lost due to radiation damage during the irradiations were 
replaced by the time of the first sacrifices. 
The inability of low dose-rate chronic neutron and gamma radiation to 
produce significant cell density changes in other cell renewal systems has 
been observed in the past. In the study of Mole, Neal, and Neary in 1959, 
chronic exposure of mice to 17rads/week of fast neutrons or llOrads/week of 
ganuna radiation produced only slight decrease in cell density of the epithel-
ium of the small intestine. 
The ci.bility of mouse small intestinal epithelium to adapt to chronic 
gamma irradiation was noted in the study of Lesher in 1966 using 50rads/day 
up to 35 days. A compensatory speeding up of the cell generation cycle went 
into effect increasing the proliferation of new cells replacing those lost 
from the radiation induced damage. In this manner the cell density and 
therefore the integrity of the lining epithelium was maintained. 
It is possible that the neutron and gamma radiation in the chronic 
manner cf exposure in this study may have produced "premature" age changes 
in the mice. Chronic neutron and gamma irradiation has been shown to decrease 
20 
the life span of mice (Henshaw et al., 1947; Evans, 1948; Neary et al., 1957). 
In a recent study of the effects of natural aging in mice Cameron (1972) 
noted a decrease in cell proliferation in the tongue epithelium with age but 
no significant change was evident in the cell density. Therefore, if "pre-
mature" age changes were produced in the irradiated mice in this study a resul-
tant change would not be expected to be seen in the cell densities of the 
epithelia of the tongue and palatal mucosa. 
It is generally agreed that one of the most sensitive criterion of radia-
tion damage in chronic or continuous radiation series is the degree of tissue 
recovery during the exposures and afterwards. In cell renewal systems where 
continual cell proliferation is essential, the degree of recovery from radia-
tion is reflected in the cellular renewal or proliferation. 
It was proposed that with the use of the labeling indices of the epithelia 
of the tongue and palatal mucosa of the irradiated and control mice the radia-
tion effects on the cell proliferation of these tissues could be ascertained. 
The labeling indices were derived from counts of the number of tritiated thy-
midine labeled cells per 1,000 cells. 
The total-body, chronic and low dose-rate neutron and gamma irradiation 
used in this study does produce changes in the labeling indices of the epitheli~ 
of the tongue and palatal mucosa of mice. 
The greatest change in the labeling indices was seen in the epithelia of 
the tongue and palatal mucosa of the neutron and gamma irradiated mice in the 
first assay or sacrifice groups (tables 6, 7, 10, 11). The change consisted 
of reduced labeling in all three epithelia (palatal mucosa and dorsal and ven-
tral surface of the tongue) in comparison to the controls. As pointed out 
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ll·er this reduced labeling is obvious from the data; however, the differ-ear 
es between the values for the irradiated mice and controls is not statis-enc 
tically significant. 
This reduced labeling in the epithelia of the neutron and gamma irradiated 
mice in the first assay groups probably reflects an inhibitory effect on cell 
division and therefore on proliferation by accumulated radiation induced intra-
cellular damage. 
It is assumed that changes in labeling indices reflect changes in cell 
proliferation by the progenitor cell population in this study because of the 
\ 
lack of significant changes in the cell density of all three epithelia in both 
neutron and garrnna irradiated mice in comparison to controls. 
A possible explanation of how epithelium can demonstrate reduced cell pro-
liferation without changes in cell density is that cells remain insitu longer 
before exfoliation; thus compensating for the reduced proliferation of new celL 
by the progenitor cell population. A clinical study by Chase et al. (1961) in 
oral cancer patients receiving x-irradiation therapy demonstrated this radia-
tion induced prolonged insitu retention of cells in the buccal mucosa. 
The decline in the labeling index of the epithelium of the dorsal surface 
of the tongue in the neutron irradiated mice at 28 weeks is great enough to be 
statistically significantly different from the labeling indices of the 36 and 
44 week irradiated mice (table 8). Not as great a reduction is seen in the 
labeling index of the epi thelitnrr of the dorsal surface of the tongue in the 
gamma irradiated mice at 50 weeks. It is not significantly different to that 
of the 58 week and 66 week gamma irradiated mice. The epithelium of the 
:I! I' 
1, 
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dorsal surface of the tongue of the gamma irradiated mice had apparently 
omPlished more recovery and repair of the radiation damage at the time of 
ace -
the first sacrifices than the neutron irradiated mice. The findings are 
supported by studies in the past that have shown less recovery and repair be·-
tweer. fractionations of neutron radiation than x or gamma radiation (Vogel, 
1957; and Storer, 1959). 
There is a significant difference between the labeling indices ~; f the 
palatal mucosa epithelium of the 50 and 58 week gamma irradiated mice. (table 13 
and also betw£en thE: 28 and 36 week indices in the palatal mucosa epithelium 
of the neutron irradia::ed mice (table 9). Unlike the epithelium 0£ the dorsum 
of the tongue in th2 50 week gamma irradiated mice, the epithelium of the 
palatal mucosa in the 50 week gamma irradiated mice had not accomplished more 
recovery and repair than the neutron irradiated mice at the time of sacrifice. 
An increase in the labeling index is seen in the epithelia of the tongue 
and palatal mucosa in the second sacrifice groups of both the neutron and 
gamma irradiated mice in comparison to the controls. This indicates in all 
probability recovery from the inhibitory effect on cell proliferation of the 
radiation induced damage; thus allowing apparently normal cell proliferation. 
In the last sacrificed neutron and gamma irradiated mice a decli;:ie in 
cell proliferation is seen in the epithelia of the tongue and palatal mucosa 
in comparison to controls and to the second sacrifice groups except that of 
the ventral surface of the tongue in the gamma irradiated mice (tables 6, 7, 
10, 11). The reduced proliferation in the epithelium of the dorsal surface of 
the tongue in the gamma irradiated mice in the last sacrifice group is large 
i 
i 
I: 
' 
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enough to be significantly different to its controls (table 10). 
This reduced labeling in the neutron and gamma irradiated mice in the 
last groups sacrificed can only be speculated as resulting from a possible 
aging effect of the radiation or some variability in the recovery process of 
these epithelia. This finding may have been clarified by more sacrifices of 
longer post-irradiation time. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
The main objective of this study was to evaluate for comparison the 
effects of total-body, chronic and low dose-rate neutron and gamma radiation 
on the epithelia and underlying structures of the tongue and palatal mucosa 
in mice. These tissues were evaluated for possible radiation induced histo-
pathologic changes and for possible alterations in epithelial la'.Jeling indi-
ces and cell densities. 
Total doses of 300 rads neutron and 900 rads gamma radiation were deter-
mined using a theoretical Relative Biological Effectiveness factor of 3 in an 
attempt to use as equivalent doses as possible in this study. 
A pre-determined number of irradiated mice and controls were given inje-
ctions of tritiated thymidine one hour prior to sacrifice for autoradiographic 
labeling index studies. 
Total-body, chronic and low dose-rate irradiation of mice with 300 rads 
of neutron and 900 rads of gamma radiation produced no gross histopathologic 
changes in the epithelia and underlying structures of the tongue and palatal 
mucosa nor were there significant changes produced in the cell densities of 
these epithelia in comparison to controls. 
The chronic low dose-rate neutron and garmna radiation used in this study 
did produce changes in the labeling indices of the epithelia of the tongue and 
palatal mucosa of mice in comparison to controls. 
These changes in labeling in the absence of changes in the cell densities 
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of these epithelia were concluded as representing changes in cell proliferation 
Analysis of the labeling indices of the neutron and ganuna irradiated mice 
compared to controls demonstrated a similar trend or pattern in the neutron and 
gamma irradiated mice. First a decline in labeling indices was seen in compar-
ison to controls in the mice at the first sacrifice session. This was conclu-
ded as indicating the presence (weeks post-irradiation) of an inhibitory effect 
on cell proliferation by radiation induced intracellular damage. At the next 
sacrifice the labeling indices are seen to be approximately the same as contr.-. 
ols which was interpreted as indicating complete or near complete recovery from 
the radiation induced damage. The mice sacrificed last showed a decline in the 
labeling indices; however not to the extent of that in the first mice sacrif-
iced. It can only be speculated that this indicates a possible aging.effect of 
the radiation or a variation in recovery from the radiation damage. 
The neutron and gamma radiation used in this study did not appear to be 
significantly different in their effects on the tongue and palatal mucosa of 
mice. Neither the neutron nor gamma irradiation caused gross histopathologic 
changes in the tongue and palatal mucosa of the mice. Neither radiation pro-
duced significant changes in the cell densities of the epithelia of the tongue 
and palatal mucosa and nearly equivalent changes were seen in the proliferative 
activity of the epithelium in the neutron and gamm.a irradiated mice. 
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TABLE 1 
Fast Neutron RBE Studies for LD in Mice 
50/30 
GAMMA/NEUTRON X RAY/NEUTRON AUTHOR 
2.0 1.5 Upton 
1.6 Carter 
2.3 1.8 Storer 
2.8 Jordan 
1. 7 Deli has 
1. 6 Field 
30 
YEAR 
1956 
1956 
1957 
1958 
1958 
1969 
TABLE 2 
NEUTRON ASSAY GROUPS 
Assay Group Ill Assay Group If 2 Assay Group ff 3 
Interval (Wks) Interval (Wks) Interval (Wks) 
Group 28 36 44 28 36 44 28 36 44 
Code 
NMI 3 3 3 3 3 3 3 3 3 
1 
NMI 2 l* 2 2 2 2 2 2 2 
CMC 3 3 3 3 3 3 3 3 3 
2 
CMC l* 2 l* 2 2 2 2 2 2 
9 9 9 10 10 10 10 10 10 
1-Neutron irradiated mice labeled with tritiated thymidine. 
2-Control mice labeled with tritiated thymidine. 
*Mice reduced in nurnher - presumably died before scheduled sacrifice. 
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TABLE 3 
GAMMA ASSAY GROUPS 
Assay Group Ill Assay Group 112 Assay Group ff 3 Assay Group 114 
Interval (wKs) Interval (Wks) Interval (Wks) Interval (Wks) 
Group 50 58 50 58 50 66 58 66 
Code 
GMI 3 3 3 3 3 3 3 3 
1 
GMI 2 2 l* 2 2 2 2 2 
GMC 3 3 3 3 3 3 3 3 
2 
GMC 2 2 2 O* O* l* l* 2 
10 10 9 8 8 9 9 10 
1-Gamma irradiated mice labeled with tritiated thymidine. 
2-Control mic:e labeled with tritiated thymidine. 
*-·Reduced in number - presumably mice died before scheduled sacrifice. 
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TABLE 4 
CELL DENSITY INDEX 
(Cells/5ou2) 
NEUTRON IRRADIATED MICE AND CONTROLS 
Itradiated 
Tongue Palatal 
Interval Animal Dorsal Surface Ventral Surface Mucosa 
(Wks) 
28 1 24.60 16.12 19.34 
28 2 22.98 17.97 20.16 
28 3 24.18 16.75 17.78 
36 4 23.58 16.25 21.02 
36 5 23.43 17.15 18.48 
36 6 23.95 18.18 18.96 
44 7 22.80 17.62 19.98 
44 8 21.15 17.38 17.98 
44 9 21.28 17.65 19.52 
Mean Cell Density 23.11 17.23 19.25 
S.D. 1.20 o. 72 1.13 
Controls 
28 l 23.68 15.82 21.08 
28 2 23.40 17.47 23.84 
28 3 21. 68 16.07 17.74 
36 4 22.15 17.12 17.48 
36 5 22.08 16.93 19.08 
36 6 22.93 17.43 18.98 
44 7 24.40 17.18 22.08 
44 8 24.05 17.55 19.08 
44 9 21. 58 15.97 18.38 
Mean Cell Density 22.88 16.83 19.75 
S.D. l.05 0.68 1.12 
t = 0.41 t = 1.25 t = 0.64 
P> 0.01 P> 0.01 P> 0.01 
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TABLE 5 
CELL DENSITY INDEX 
(Cells/ 50u2) 
GAMMA IRRADIATED MICE AND CONTROLS 
Irradiated 
Tongue Palatal 
Interval Animal Dorsal Surface Ventral Surf ace Mucosa 
(Wks) 
50 1 23.25 14.30 18.18 
50 2 20.23 17.22 19. 62 
50 3 22.66 15.42 20.38 
58 4 19.88 16.98 15.66 
58 5 24.03 17. 62 18.18 
58 6 20.93 18.03 18.00 
66 7 22.05 17.95 17.38 
66 8 23.60 16.78 18.48 
66 9 22.95 17.37 17.90 
Mean Cell Density 22.17 16.85 18.20 
S.D. 1.49 1. 22 1.32 
Controls 
50 1 23.08 18.28 20.42 
50 2 21.05 16.32 18.52 
50 3 20.30 16.80 18.06 
58 4 19.90 15.60 16.70 
58 5 18.23 16.17 17.20 
58 6 21.10 16. 77 19.76 
66 7 21.35 15.98 17.64 
66 8 20.50 16.33 16.66 
66 9 22.45 16.20 16. 9Lr 
Mean Cell Density 20.88 16.49 17.99 
S.D. 1.41 0.75 1.40 
t = 1.86 t = 0.75 t = 0.33 
P>0.01 P>0.01 P.>0.01 
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TABLE 6 
LABELING INDEX 
(Labeled Nuclei/1,000 Cells) 
NEUTRON IRRADIATED MICE AND CONTROLS 
Tongue 
Dorsal Surf ace 
Interval Mean Labeling Index (Labeled Nuclei/1,000 Cells) 
(Wks) Radiated S.D. Control S.D. T* p 
28 60.83 15.74 101.00 37.95 38.5 >0.10 
36 93.60 10.16 94.60 12.42 29.0 >0.10 
44 84.00 20.27 97.40 48.56 31.0 >0.10 
Ventral Surface 
28 84.50 22.31 108.40 45.98 38.0 .>0.10 
36 108.40 27.78 111.20 32.87 28.0 .>0.10 
4ll 89.50 33.98 97.80 36.73 31.0 .>0.10 
*Wilcoxan's rank test used throughout the labeling index study 
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TABLE 7 
LABELING INDEX 
(labeled Nuclei/l,000 Cells) 
NEUTRON IRRADIATED MICE AND CONTROLS 
Palatal Mucosa 
Interval Radiated S.D. Control S.D. T p (Wks) 
28 72.20 5.96 100.00 50.66 25.0 >0.10 
36 93.80 20.73 97.00 20.01 29.0.>0.10 
44 91.40 27 .20 102.60 49.61 24.5:>0.10 
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TABLE 8 
COMPARISON BETWEEN INTERVALS IN 
NEUTRON IRRADIATED MICE 
Tongue 
Dorsal Surface 
Intervals Compared Mean Labeling Indices T p 
28WKS TO 36WKS 60.83 TO 93.60 41+. 0 <0.01 
28WKS TO 44WKS 60.83 TO 84.00 52.0 <0.05 
36WKS TO 44WKS 93.60 TO 84.00 33.5 .>0.10 
Ventral Surf ace 
28WKS TO 36WKS 84.50 TO 108.40 39.5 .>0.05 
28WKS TO 44WIZS 84.50 TO 89.50 41.0 >0.10 
36WKS TO 44WKS 108.40 TO 89.50 35.0 >0.10 
.... 
TABLE 9 
COMPARISON BETWEEN INTERVALS IN 
NEUTRON IRRADIATED MICE 
Intervals Compared 
28WKS TO 36WKS 
28WKS TO 44WKS 
36WKS TO 44WKS 
Palatal Mucosa 
Mean Labeling Indices 
72.20 TO 93.80 
72. 20 TO 91. 40 
93.80 TO 91.40 
38 
T p 
33.5 <0.05 
34.0 >0.10 
28.0 >-0.10 
Interval 
(Wks) 
50 
58 
66 
50 
58 
66 
TABLE 10 
LABELING INDEX 
(Labeled Nuclei/1,000 Cells) 
GA..'fM.A IRRADIATED MICE AND CONTROLS 
Tongue 
Dorsal Surf ace 
Mean Labeling Index (Labeled Nuclei/ 1 , 000 Cells) 
Radiated 
64.00 
96.33 
77 .25 
70.00 
95.16 
98.50 
S.D. 
18.96 
23 .16 
20.52 
Ventral Surface 
22. 73 
17.00 
16.98 
Control 
111. 75 
97.33 
119. 66 
92.50 
101.00 
107.33 
S.D. T p 
50.27 24.0 >0.10 
14.98 1.49* >"0.10 
19.86 2.78* <0.01 
32.36 25.0 >0.10 
18.08 
14. 64 
1.45* >0.10 
1.55* >0.10 
*data analyzed with modified Wilcoxon's Rank test due to reduced 
sample size of controls. (Z value is reported). 
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Interval 
(Wks) 
so 
58 
66 
*Z value 
TABLE 11 
LABELING INDEX 
(Labeled Nuclei/1,000 Cell~) 
GA_~ IRRADIATED MICE AND CONTROLS 
Palatal Mucosa 
Radiated S.D. Control 
79.40 9.45 110. 75 
109.83 16.57 96.00 
78.00 32.99 105.33 
40 
S.D. T p 
40.61 25.0>0.10 
7.90 1.75€>0.05 
9.45 .1.79~::>0.os 
TABLE 12 
COMPARISON BETWEEN INTERVALS IN 
GAMMA IRRADIATED MICE 
Tongue 
Dorsal Surface 
Intervals Compared Mean Labeling Indices T p 
~ 
~· 
50WKS TO 58WKS 64.00 TO 96.33 19.0 >o.10 
50WKS TO 66WKS 64.00 TO 77 .25 24.0 >o.10 
58WKS TO 66WKS 96.33 TO 77 .25 17.0 >o.10 
Ventral Surface 
50WKS TO 58W'iZS 70.00 TO 95.16 20.1· >0.05 
50WKS TO 66WK.S 70.00 TO 98.50 28.0 _>o.os 
58WKS TO 66WKS 95.66 TO 98.50 21.0 ::>a.IO 
I 
I 
I 
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TABLE 13 
COMPARISON BETWEEN INTERVALS IN 
GAMMA IRRADIATED MICE 
Intervals Compared 
50i..TKS TO 58WKS 
50~TKS TO 66WKS 
58WKS TO 66WKS 
Palatal Mucosa 
Mean Labeling Indices 
79.40 TO 109.83 
79.40 TO 78.00 
109.83 TO 78.00 
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T 
16.0 
19.5 
15.0 
p 
<0.01 
>0.10 
>0.10 
_oe ___________ m_....;.,.,...__...,.,. __ ,__.,..,......,_,, ______ !W>'.l.-v!llo~.--.....,--••••"".....,.....,__..,_.J 
Figure 1 Photomicrograph x400: Tongue-Dorsum of Control Specimen 
(3 6Wk.s) . Hematoxylin and Eosin (H&E ). 
This keratinized stratified squamous epithelium is in the 
regi on of the filiform papillae . Observe how t he epithe-
lium and connective tissue ex t end into a papilla with its 
tip covered by layers of keratin. Note the thickness of 
the keratin adj acent to t he papilla. Observe t he orderly 
arrangement of the cells in the basal cell layer and the 
t hin fibrous connect iye tissue lamina propria. 
APPENDIX 
PLATE I 
:Figure -1 
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Figure 1 Photomicrograph x250: Tongue-Ventral Surface of Control 
Specimen (36Wks) . H&E . 
Note the reduced keratin l ayer in comparison to t he dorsum 
and the lack of papillae. The epithelial ridges are .less 
prominent than in the dorsum giving the flattened appear-
ance. 
_._,__,_ _______________________________ __ 
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PLATE II 
Figure l 
Figure 1 
/ 
Figure 2 
Photomicrograph x250: Tongue-Dorsum of Neutron Irradiated 
Specimen ( 28Wks). H&E. 
Two filiform papillae are 
in the basal cell layer. 
pathologic changes i n the 
ures. 
seen. Note the mitotic figure 
Observe the l a ck of gross histo-
epithelium and underlying struct-
Photomicrograph x250: Tongue-Ventral Surface of Nt:0utron 
Irradiated Specimen (28Wks ). H&E. 
Note the nearly identical appearance of this epithelium 
with that of the cont rol in plate 1, f igure 1. 
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Figure 1 
Figure I 
Figure 2 
Photomicrograph x250: Tongue-Dorsum of Neutron Irradiated 
Specimen ( 36Wks) . Autoradiographic t echnique . Nuclea r 
Fast Red and Indigo Carmine Sta in . 
Note the cells labeled with tritiated thymidine :in the ba-
sal cell layer indicated by the dark grains overlying the 
nuclei. One suprabas.al cell is lab e led. 
Photomicrograph x250: Tongue-Ven tral Sur face of Neut ron 
Irradia t ed Specimen (36Wks ). Autor adiographic technique . 
Nuclear Fast Red and Indigo Carmine Stain . 
Representative section showing normal morphology and 
/ ce ll labeling with tritiated thymidine . 
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F:i..gur e l 
i 
_____ ....., _ _, ____ _......,...,....,.., __ ~~-----J 
Figure J. 
Figure 2 
Ph'otomicrograph x250: Tongue-Dorsum of Neutron Irradiated 
Specimen (44Wks) . H&E . 
As in the 28 and 36wk specimens, no gross histopathologic 
changes are seen in the ep i thelium and underlying struct-
ures. 
Photomicrograph x250 : Tongue-Ventral Surface of Neutron 
Irradiated Specimen (44Wks). H&E. 
Observe the normal morphology which has already been seen 
in the 28 and 36wk. specimens . 
r~-·--L=--~-~" ...  ,,... ,,....,,..., .... ,,,.,.,..-PI:AT'E: .. ,,.~ ........ ---...................................... _,_,,,..._ _____ _ 
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Figure .1 
' 
Figure 1 
Figure 2 
Photomicrograph x250 : Tongue-Dorsum of Gamma Irradiated 
Specimen (50Wks). H&E. 
Observe the absence of demonstrable pathologic changes 
from the radiation . 
/ 
Photomicrograph x250: Tongue- Ventral Surface of Gamma 
Irradiated Specimen (SOWks ). H&E. 
Representative section showing normal morphology. 
PLATE VI 
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Figure 1 
Figure 1 
/ 
Figure 2 
Photomicrograph x250 : Tongue-Dorsum of Gannna Irradiated 
Specimen (58Wks) . Autoradiographic t echnique. Nuclear 
Fast Red and Indigo Carmine Stain. 
Note the labeled cells ·in the basal layer of cells. The 
clear areas in the connective tissue and muscle bundles 
are artifacts. 
Photomicrogr aph x250: Tongue-Ventral Surf ace of Gamma 
Irradiated Specimen (58Wks ) . Autoradiographic Techinque . 
Nuclear Fast Red and Indigo Carmine Stain. 
/ . Representa.t1ve section showing normal morphology and 
cell lab eling . 
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Figure 1 
Figure 1 
/ 
Figure 2 
Photomicrograph x250: Tongue-Dorsum of Gamma Irradiated 
Specimen (66Wks ). H&E. 
Note the normal appearance of the epithelium and under l ying 
s tructures a lready seen in the 50 and 58wk specimens. 
Photomicrograph x250: Tongue-Ventral Surface of Gamma 
Irradiated Specimen (66Wks). H&E. 
As already seen in the 50 and 58wk specimens there is 
an absence of demonstrable histopathologic changes. 
...-----------~..._..------------~~-------------------------_,.---PLATE VIII 
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Figure 1 
• 
• 
Figure f 
Figure 2 
Photomicrograph x250 : Palatal Mucosa of Control Specimen. 
H&E. 
Note the moderately thick keratin layer. Some epithelial 
ridges are seen but the ep:ithelium generally has a flat-
tened appearance . 
Photomicrograph x250: Palatal Mucosa of Neutron Irradiated 
Specimen (28Wks) . H&E. 
Representative section showing no gross histopathology . 
The separation of the keratin layers is artifact. 
PLATE IX st 
Figure 1 
Figure 2 
I 
l'I 
,111 
I 
I 
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Figure 1 
Figure 2 
Photomicrograph x250: Palatal Mucosa of Neutron Irradiated 
Specimen (36Wks) . Autoradiographic Technique . Nuclear 
Fast Red and Indigo Carmine Stain. 
Note the l abeling i n t~e suprabasal cells . 
/ 
Photomicrograph x250: Palatal Mucosa of Neutron Irradiated 
Specimen (44Wks) . R&E . 
As previously seen in the 28 and 36wk specimens no gross 
histopathologic changes are present. 
PLATE X 52 
Figure 1 
• 
Figure 2 
Figure 1 
/ 
Figure 2 
" Photomicrograph x250: Palatal Mucosa of Gamma Irradiated 
Specimen (50Wks). H&E. 
Representative section showing no gross histopathologic 
changes . 
Photomicrograph x250: Palatal Mucosa of Gamma Irradiated 
Spec imen (5 8Wks). Autoradiographic Technique. Nuclear 
Fast Red and Indigo Carmine Sta in. 
Representative sec.tion showing normal morphology and cells 
labeled with t ritiated thymidine . 
PLATE XI 53 
.Figure 1 
/ 
Figure 2 
..___...,_ ___ .. ___ J 
Figure 1 Photomi crograph x250 : Palatal Mucosa of Gannna Irradia ted 
Specimen (6 6Wks). H&E . 
Note the normal morphology already seen in the 50 and 58wk 
specimens. 
• 
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PLATE XII 
Figure 1 
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